Studies on prolonged acute regional ischemia. I. Evidence for preserved cellular viability after 6 hours of coronary occlusion.
Six hours of coronary occlusion has been thought to produce extensive and irreversible transmural damage and no possibility of salvage by reperfusion. This has been based on findings of adenosine triphosphate depletion and histochemical (triphenyltetrazolium chloride nonstaining) and ultrastructural changes (conventional preparatory techniques). This study tests the hypothesis that, in contrast to conventional wisdom, considerable structural and mitochondrial functional integrity remains in cardiac muscle subjected to 6 hours of regional ischemia. Twenty open-chest anesthetized dogs underwent isolation of the left anterior descending coronary artery and were observed for 6 hours. Eight of the 20 did not undergo ischemia and served as controls. Twelve underwent 6 hours of proximal ligation of the left anterior descending coronary artery (30% +/- 2% area at risk). Transmural biopsy specimens were analyzed. Coronary occlusion reduced regional blood flow (radioactive microspheres) to less than 10 ml/100 gm/min (p less than 0.05) and dyskinesia persisted in the area at risk for 6 hours. High-energy phosphates (adenosine triphosphate and creatine phosphate) declined to negligible levels and histochemical damage occurred (49% +/- 12% triphenyltetrazolium chloride non-staining). Mitochondrial ultrastructural changes (low protein denaturation embedding technique) were mild (the integrity of the inner and outer mitochondrial surface membranes and crystal membranes was maintained and myofibrillar degeneration did not occur). Mitochondrial oxidative phosphorylation rate remained at 63% of control levels, respiratory control index remained at 77%, and adenosine diphosphate/oxygen ratio was maintained at 96%. Mitochondrial Ca++ increased with lanthanum (from 26 to 46 nmol/mg protein, p less than 0.05), but irreversible calcium precipitation did not occur; calcium could be mobilized to normal levels (i.e., 13 nmol/mg protein) by ethylenediaminetetraacetic acid chelation. These data support our inference that necrosis does not occur after 6 hours of coronary occlusion and suggest that muscle salvage by reperfusion is possible after at least 6 hours of regional myocardial ischemia.